Purpose To test the association between arcuate foramen (AF) in the first cervical vertebra with acute headache attributed to whiplash. Methods Retrospective study of 128 patients that suffered a whiplash. The presence or absence of AF was recorded after a radiographic study, as well as the presence or absence of acute headache after the whiplash. Results The frequency of AF was 17.2%. Patients with bilateral AF presented a significant (p = 0.000, Fisher's test) increase in the frequency of acute headache (90.9%) in comparison with the non-AF group (5.7%). The ratio between the presence and absence of acute headache was 166.6 times higher (IC 95% 18.2-1526.22) in subjects with bilateral AF in comparison with non-AF subjects. Conclusions The presence of bilateral AF is associated to an increased frequency of acute headache after suffering a whiplash, information of interest for the attention to these patients.
Introduction
The arcuate foramen (AF) is an anatomical variant of the first cervical vertebra which consists in a complete or partial osseous bridge over the groove for the vertebral artery, from the posterior region of the superior articular facet to the superior lateral border of the posterior arch ( Fig. 1 ). When present in a complete form, it encircles the vertebral artery and its vegetative plexus as well as the dorsal ramus of the first cervical nerve in a bony ring. This trait has received several names in the medical literature, among others Kimmerle's anomaly, ponticulus posticus, pons posticus, and retroarticular superior foramen [1] . In a recent work based on the review of 21,789 cases from several previous reports, it was observed that the average frequency of the AF is 16.7%, ranging from 4.3 to 52.9% depending on the population studied [2] .
The presence of the AF has recently received attention due to its relevance in two situations. First, in the treatment of atlantoaxial instability through C1 lateral mass screw insertion or Goel-Harms procedure [2] . In this treatment, the presence of the AF may give the erroneous impression that the posterior arch of the atlas is of adequate size to accommodate the screw, putting at risk the integrity of the vertebral artery [2] . Second, the presence of an osseous ring encircling vascular and nervous structures in this cervical region of high mobility could be a risk factor for the development of diverse clinical symptoms, as reported by some authors [3] [4] [5] [6] [7] [8] . In this work, we present a study on the possible association between the presence of AF and the presence of acute headache subsequent to whiplash [9] as defined by the International Classification of Headache Disorders (ICHD-3 beta) [10] . 
Methods
We test the hypothesis of a relation between presence of AF and presence of acute headache after whiplash. A retrospective study was undertaken on the clinical histories of successive cases of patients who attended the emergency room of our institution between March 2014 and March 2015 after suffering a whiplash in a road traffic accident, with approval of the Committee of Ethics. Two were the criteria for inclusion in the study, the presence of a cervical whiplash, and the presence of a lateral cephalogram. Data collection was organized as follows. Two researchers reviewed the clinical histories and recorded the presence or absence of acute headache attributed to whiplash following the diagnostic criteria of the ICHD-3 (Table 1) . Whiplash is defined by this classification as ''sudden and Whiplash may occur after either high or low impact forces'' [10] . We adopted the ICHD-3 code 5.3 for the presence of acute headache attributed to whiplash in the three months immediately after the incident, and hereafter refer to it as H5. 
Results
The presence of AF was observed in 22 cases (17.2%), 12 females and ten males, with no significant difference between sexes (p = 0.138, Chi-square). The presence of AF was bilateral in 11 cases and unilateral in other 11 cases, and again no significant difference was observed between sexes (p = 0.208, Fisher's test). Based on these results sexes were merged for subsequent analysis. In Table 2 , the frequency of H5.3 is presented as a function of the absence, unilateral presence, and bilateral presence of AF. There was a significant association between the presence of AF and presence of H5.3 (p = 0.000, Fisher's test). The OR indicated that the ratio between the presence of H5.3 and the absence of H5.3 is 20 times greater in subjects with AF in comparison with non-AF subjects, and this association was statistically significant (IC 95%, 6.17-64.8). If we consider unilateral and bilateral presence of the AF, 90.9% of the subjects with bilateral AF presented H5.3 (10 out of 11), while only 18.2% of the subjects with unilateral AF presented H5.3 (2 out of 11). The association between the presence of AF with H5.3 is thus maintained only in subjects with bilateral AF (p = 0.000, Fisher's test). In this case, the OR indicated that the ratio between the presence of H5.3 and the absence of H5.3 is 166.6 times greater in subjects with AF in comparison with non-AF subjects, and this association was statistically significant (95% CI 18.2-1526.22). The statistical tests indicated a lack of significant association between unilateral AF and H5.3 (p = 0.165, Fisher's test; OR 3.704, 95% CI 0.650-21.093).
Discussion
The AF is an important anatomical variant of the posterior arch of the atlas that encircles the vertebral artery, its vegetative plexus and the dorsal ramus of the first cervical nerve [1] , and could be considered an another instance of how minor anomalies of the atlanto-occipital region may result in pathophysiologic conditions of clinical significance [11, 12] . In this study, we first report the frequency of the AF (17.2%) which is in agreement with the average frequency of this trait in the average population (16.7%) [2] . Subsequently, we report a significant association between the presence of AF and the development of H5.3, and this finding is in agreement with previous works. In a retrospective study of twelve pediatric cases with vertebrobasilar artery stroke, nine cases presented AF and in six of these cases previous episodes compatible with mechanical injury or forced movements of the cervical spine were reported [4] . These authors concluded that there could be a causal association between the AF, tethering of the vertebral artery and dissection from repetitive trauma with movement of the neck. Other authors have also hypothesized that the presence of AF in surgical procedures with neck extension may result in bilateral occlusion of the vertebral arteries [13] . In studies of larger samples of subjects with the absence of episodes of cervical [10] Description: headache of less than 3 months' duration caused by whiplash trauma, the presence of AF has also been associated to diverse clinical symptoms like migraine, neck pain and arm pain shoulder [3, 5, 6, 8] , and our results concur with the previous observation that a bilateral AF is more frequently associated to clinical symptoms [6, 14] . This association is supported by the improvement of clinical symptoms after excision of the AF, as reported by several authors [7, [15] [16] [17] .
Unlike other studies, in the present work the sample was initially selected based on the presence of cervical trauma and then studied for the presence of clinical symptoms and AF. Our results confirm a significant association between the presence of bilateral AF and acute headache in patients suffering a cervical whiplash, and in cases of cervical trauma it would be convenient that radiologists report the finding of AF. Since the AF is not an uncommon anomaly, its presence should be reported previous to manipulation [18] or surgery [19] to the cervical spine to ensure the best treatment to the patient.
Conclusions
The presence of bilateral AF is associated to an increased frequency of acute headache after suffering a whiplash, information of interest for the attention to these patients.
